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Preface 


Insect pests and diseases routinely affect the health of trees and have an important role in forest 
dynamics. Occasionally, insect populations grow rapidly to damaging proportions and major disease 
outbreaks occur. These events can have catastrophic impacts leading to the complete destruction of 
large areas of natural and/or planted forests, to loss or reduction of vital forest ecosystem functions 
and to considerable economic losses. In developing countries and countries in transition, severe pest 
outbreaks may compromise national economics, undermine local livelihoods and threaten food 
securin’. 

Despite the significant adverse impacts, and indications that outbreaks of forest insect pests and 
diseases are on the increase, some countries do not have the personnel or infrastructure to identify 
and carry out forest protection measures. At the same time there is also an increasing awareness of 
tree health problems linked to non-living or abiotic influences, particularly the perceived effects of 
atmospheric pollution. 

The effective management of all tree health problems depends on their early detection. All 
investigations should begin with the initial discovery and recognition of symptoms in the field. To 
improve awareness of tree health and responses to health -related problems, action must be taken to 
train people who work directly with trees in the recognition and interpretation of symptoms. A 
broadening of visual skills in the initial assessment of tree health is urgently needed to improve the 
early detection and timely management of problems. 

Sometimes the knowledge that a problem is not serious will suffice and will avoid expensive and 
unnecessary treatments. Similarly, the recognition that a symptom is of a previously unknown type 
will help to identify a new problem at an early stage and may prevent significant losses. 

This publication aims to help people make visual assessments of tree health problems and to 
provide a preliminary diagnosis. It is not an identification guide to insect pests and diseases of trees. 
It will help readers to recognize symptoms of ill health, to distinguish these from normal events that 
signal a temporary decline, and to improve their skills in making the vital preliminary diagnosis. This 
is an important and neglected capability that will often be sufficient for formulating a simple plan 
to contain a disease or insect pest or for deciding alternatively that no action is necessary. 
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1 Introduction 


Understanding tree health 

The aim of this guide is ro help readers recognize symptoms of ill health in trees and understand 
their general significance. The guide provides 140 photographs of symptoms from more than 50 
tree species to be used as a basis for demonstrating the effects of pest (biotic) and non-living 
(abiotic) influences on trees. It aims to assist anyone interested in tree health or responsible tor 
managing trees. 

Tree health is nor always routinely monitored in developing countries, and working guidelines and 
forest protection measures are not always incorporated into forest management. Many people 
working with trees do not pay systematic attention to tree health until trees have died and it is too 
late for intervention. Preliminary diagnoses of problems using this guide will assist in better 
planning and more effective management of trees. 
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2 Using the guide 

Investigating problems 

The general assessment of tree health has always relied on a careful study of svmptoms. Since 
symptoms are often the only evidence available for diagnosis, their recognition and interpretation are 
the key elements of this guide. It may not always be possible to make a definitive diagnosis or to 
confirm the precise cause of a problem, hut informed observations can provide invaluable 
information and help in decision-making in the field. This is a major advantage for people who cannot 
obtain technical assistance or advisory support every time trees become unhealthy. Recognizing a 
previously unknown type of symptom helps to identify a new problem at an early stage. 

A svmptom based approach considers all possible factors that affect tree health. The 
interpretation of symptoms is discussed in Chapter 6. Guidelines are provided on how to make a 
preliminary diagnosis, which acts as the basis for further action. The next step may be to do nothing, 
to seek further help, to remove the tree or to replant with a different tree species. Replanting with a 
new tree species should always lx* the last option because of cost and the risk of further damage if 
the cause of the original problem is still unresolved. 
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3 What is tree health? 

Definitions and descriptions of key terms 

’‘Tree health” as a discipline refers to the study of all factors {biotic and abiotic) that affect the 
vigour and productivity of a tree, as expressed by different symptoms and types of damage. The 
health of a tree can be expressed qualitatively by describing the symptoms or damage, or 
quantitatively through assessments of crown condition. 

A few comments are required on the meaning of “pest”. 1 AO defines it as any species, strain or 
biotvpe of plant, animal or pathogenic agent injurious to plants or plant products. For this guide, 
the term “pest” refers to detrimental insects, fungi, animals, weeds, viruses, mites, parasitic plants 
and phytoplasmas. 

In a symptom based approach to tree health it is useful to have a term that refers to a reduction 
in tree health without reference to the specific cause. “Ill health” is used increasingly to describe a 
deviation from the normal, healthy state. It encompasses the effects of disease, insect damage, 
declines, dicbacks and disorders, and other harmful influences that affect the appearance and health 
of the tree. 

Clear definitions assist in providing accurate descriptions of tree health problems. Since reports 
of “new” diseases often describe symptoms only, it is essential that these be communicated in a 
comprehensive anti accurate manner. It is vital that the terms used to describe the symptoms of a 
particular problem be clearly understood and consistently applied. The use of scientific names is 
recommended because they are internationally recognized; common names, on the other hand, may 
create confusion because they vary from place to place. 

Short definitions and descriptions of key terms as used in this book arc given in Annex 1. These 
may differ from other published definitions. 

Diseases, damage and disorders 

Tree health problems may be divided into diseases caused by pathogens, damage caused by insect 
pests anil other animals, disorders linked to abiotic influences and other miscellaneous problems 
described in various ways, e.g. declines and dicbacks. “Disorder” is not specifically defined, although 
it is often associated with nutrient imbalances. 


Copyrighted material 



An illustrated guide to the state of health of trees 


4 Why trees become unhealthy 

J J 


Causes of ill health in trees 

The many reasons for the disruption of the healthy growth of a tree can be divided into two main 
categories: living (biotic) and non living (abiotic) factors. More than one factor can affect the health 
of a tree at any time. A useful distinction can be made between primary pests, which first and 
principally affect the health of the tree, and secondary pests, which have a less important influence 
and usually affect trees already weakened by a predisposing factor. The impact of insect pests is 
often increased by a previous weakening of the tree's vigour and a lowering of its natural resistance 
to infestation, for example through waterlogging or nutrient deficiencies. One of the most common 
predisposing factors is poor nursery management. Trees that become pot-bound as saplings do not 
develop a healthy root system and therefore grow poorly when planted. 

Stress and off-site factors undoubtedly have a major role in determining the health or condition 
of trees, as do poor soil and drainage. However, undue emphasis on poor sites or adverse climatic 
events such as drought and frosts as primary causes of observed symptoms and damage to trees may 
prevent a more careful search for possible biotic influences. 


Pest (biotic) influences 

Some pest groups are better known than others simply because they are easier to see. Insects are 
frequently found on trees although many arc casual feeders and not serious pests, and some are 
beneficial (natural enemies). Fungi are frequently seen on dead and decayed organic matter, but they 
may not necessarily be rhe primary cause of the symptoms observed. Most fungi in nature arc 
saprobic (living on dead or decaying tissue) and only a very small proportion are pathogenic. Insects 
and fungi are relatively easy to distinguish by direct observation, while the remaining pest groups are 
nor. Several other living agents occur on trees, including mosses, lichens and epiphytes such as 
bromcliads, but these have only a superficial impact on tree health (see Plate 16). 

Major groups of pests that occur on trees are described in Table I and are illustrated in the colour 
plates. 
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Table 1. Major groups of pests that infest trees 

Pun Ntm> 


fungi 


Bacteria 


Viruses 


A living microorganism characterized by a cell wall containing chitin 
and lacking chlorophyll.' (iiimmun cause of disease. Associated w ith a 
wide range of symptoms. Diverse group of pest organisms: some with 
large fruiting bodies visible with the naked eye but mam only 
"visible” when grown in an artificial culture in the laboratory, fungi 
also play a secondary rule in decays -and rots. 

\ living microorganism characterized by cell membranes and cell 
walls.' Uncommon cause of disease but several species have caused 
widespread losses in trees. Cannot Ik- detected with the naked eye 
except tn masse in bacterial oozes. 

An ultramicroscopte (one dimension less than 2<Hi pm organism. 
Viruses cannot reproduce alone (and thus are not living organisms 
acconling to some definitions) but must first infect a living cell and 
take over its synthetic and reproductive facilities. 1. More common 
cause of symptoms than generally perceived. Symptoms may resemble 
those of other pests and factors. Transfer to new host plants by 
(insect) vectors, sometimes by manual transmission. 


Phvti ►plasmas 


Insects 


Miles 


Parasitic plants 


fxtncmely small, phloem-limited plant pathogenic bactcria-like 
prokaryotes that lack a cell wall/ Uncommon cause of disease hut 
more widespread than usually thought, mainly because typical 
symptoms are not recognized. 

W idespread. extremely comment cause of damage, ami rarely hi»st tree 
specific (unlike manv pathogens). Readily seen but often assumed to 
be the cause of more damage titan is supported by biological 
evidence. Different insect orders are associated with panicular 
patterns of feeding ami breeding on trees. 

Common pests whose feeding results ty pically in distinct symptoms 
(e.g. galls); mites arc not readily seen with the naked eye. 

Widely present in many tree species that have been weakened by- 
other factors. Rarely rite cause of major losses. 


Weals Some weeds outcompete trees, especially when young; others grow in 

the canopy and can strangle trunks ami branches. 

larger animals Includes large mammals such as elephants, monkeys, deer, smaller 
rodents and birds that feed on the foliage and bark. Damage and 
losses can be significant although plants often recover. 

I \( > forest health Web page: wxvw.fao.org/ forestry /pests 
'• Pest management glossary: www., ipmrc.com/lib/gUiKsary.shtml 
Department of Plant Pathology . University of Wisconsin: wwxv.plantpath.wisc.edu/soylH 


C( >RRISI»t 
t :oij<n r pi .tn 

Rum fungus on .Isiaia 
wauiyuw |2.2| 


Bacterial ooze of 
i .noth pins sp. |».5| 
Bacterial w ilt of 

t .HCtrfxpiHS | 9 . 6 | 

I xraf discolouration ami 
flecking on (» finadia 
stpinw [ 1 0 . 9 1 


(iliricidia little leaf 
disease |K.I & 8.2| 


I xaf miner ilamage i m 

Pfcrwarpsts ntdiass | 1 3,6| 


lx*af galls on I owtitena 
injausta |2.l| 

Parasitic plant on Schiaas 
mi, lie 1 14.| 3| 

Bmmeli.ids on cacao 

l*6.l| 

Deer damage on ( .mdina 
arimna |I3.I2| 

•alrh/phy homc.htm 
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Non-living (abiotic) influences 

Non-living factors that impair the health of trees are summarized in Table 2. The effects of poor 
soil and generally adverse growing conditions on the health of trees, and their causal association 
with observed symptoms, needs careful examination. Nutrient disorders produce symptoms similar 
to those of virus diseases and other pest infestations or infections, and a lack of information often 
makes it difficult to make even a preliminary diagnosis of a problem. 

Tabic 2 describes abiotic factors affecting tree health and gives corresponding examples in the 
colour plates. Note that fire may weaken trees and make them more susceptible to insect attack. 

When poor growing conditions have had long-term effects on the health of a tree, an examination 
of growth rings can help to reveal the history of factors such as prolonged periods of drought. 
Other evidence may lx* more immediate and visible. For example, a shortening of internode lengths 
in ncem suggests a number of years of poor growth (see Plate 15.2). 


Table 2. Abiotic factors that affect the health of trees 


M \|N i Atm »H 
Chemicals 


Mechanical 

agents 


C vrix.t ►rii,s \\t> i,\ win is Ntnrx 


ToXIt : pesticides, herbicides 

Pt >1.1.1 Tit tN : deposition tin plant, 
atmospheric, industrial waste 

Mist Tl.l.wi oi s: salt, oil poured 
into soil 


The role of 
atmospheric pollution 
in tree declines may 
be overstated. 


M WIIINI R'i : used in agriculture 
and for construction 

lit MAN: malicious, accidental 


Mechanical damage- 
can provide means 
lor pathogens (mostly 

fungi) to enter. 


Soil conditions \\ AII.AHII.moi M TRII.VTS: 
deficiency, excess 

Physic \i stri ovri :p<M>r 
drainage, inhibition of root 
development 

Water TooMi'Cii: fit k ding; 

vvaterli igpi np 

Nt IT I \« il tilt : drought 


Trees respond in 
different ways to lack 
of pamcular nutrients. 


Trees differ in their 
ability to withstand 
excess or poor 
availability of water. 


Weather 


Tl-.MPKR.vn Kl : too low or too 
high 

( >l lli-3t: lightning, hail, wind, 
snow 


Tile effects of clunate 
on tree health are 
often not immediate. 


OoRRI SPUN DIM.* OI.nl R PI \TIX 

I .caf blight caused In herbicide dnft 


Damage bv grass cutting equipment 
|I5.3| 

Illegal tapping tor sap | 1 5.6 1 

Had pruning allows fungi to enter 
and establish heart nit | 15.1(1) 

Boron delttiencv on P/nut pit/uL 
1 15.6| 

Poor nursery practice | I5.9| 


Warerloft?ng | 1.4) 

Drought (6.1 1 

I tost 1 15J | 

I fail damage 1 15.1) 
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5 Describing features of unhealthy trees 


Recognizing features of ill health 

When is a tree unhealthy? The simple answer is when symptoms are observed in the crown, on the 
foliage or on stems (shoots, branches, trunks). The impracticality of examining tree roots or failure 
to do so may mask important evidence, but for serious problems symptoms are usually manifest in 
other parts of the tree. 

The detection of ill health depends on the initial recognition of symptoms. Some symptoms are 
easy to identity, for example wilted leaves and stems with cankers, bur others arc not and mav be 
difficult to distinguish from events that occur in the norma! cycle of growth. Many trees drop their 
leaves and stop growing during winter or dry seasons. It is therefore important to understand the 
tree's normal pattern of growth throughout the year and from one year to the next, according to 
prevailing conditions at particular sites. 

Symptoms and their classification 

A scheme for classifying symptoms is presented in 'I able 3. This is based on a comprehensive review 
of symptom descriptions and categories presented mostly in books on tree pests. The basis for the 
scheme is the crop protection compendium (see Annex 2), which includes a comprehensive listing 
of symptoms resulting from biotic and abiotic factors. As shown in the colour plates, similar features 
can have very different causes. A classification of tree health problems by symptoms will inevitably 
include more than one type of cause in some categories. 
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Table 3. Categories of symptoms of ill health 

Cui<itwv/ii vn ri Nerri* 


Altered growth or development 

Colour changes in crown ( !hangc of colour; loss of colour (discolouration} 


( .hange in ft inn or shape 

Growth disturbance 

Premature loss or 
dcvclt ipmcnt 

General death 

Blight 

Dicback 

Wilt anti collapse 

Localize d death nr necrosis 


( »alls, swellings an d knots; cracked or split surface, distorted leaves 
and sterns, malformation 

Growth stimulation; stunted or reduced growth 

liarlv leaf drop. senescence or ripening 


Characterized by widespread and rapid killing of plant pans 
(U\ leaves, tli » veers, stems) 

Progressive death of shoots, leaves or mots, beginning at the tips 
Drooping of plants as a result of insufficient water supph 


Spots and lesions 
Cankers 

Rots and decavs 

Pliysic.il evidence 

Damage In animal and 
insect feeding 

Pest infestation 
General damage 


Many words are used to describe these small localized areas in 
addition to the common “Icafspot”, e.g. blotches, scabs, pits 

Cankers van from those with sunken centres toothers with raised 
edges and some with more general swellings 

Rots and decays, commonly occurring inside major stems or trunks 


I xit luiles. trass, w ebbing, internal or external shredding, spittle 
mass 

Visible inseas, visible fungal sporing structures (e.g. bracket fungi), 
mycelium, growth of moukls or soon appearance 

Bleeding. < « */c mot bacterial); mechanical damage; adverse climatic 
conditions 

ParasitK' plants, epiphytes, lichens, mosses, algae 


C< |RR1.S»*0\I)IN( . 
i Ot.tHR W.VTILS 


I A. IB 


2,3 


4,5 


6 


K 


to 

11 A, I IB 


13 A, 13B 
14 A. I4B 
1 5 A. I5B 


( ither growths on trees 
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6 Analysing the cause of symptoms 


Interpretation of symptoms 

The fundamental challenge is to realize when a tree is unhealthy. 

The following stages are suggested for interpreting symptoms and making diagnoses from visual 
evidence only: 

1. Learn the expected appearance of the tree given where it is growing, the time of year and the 
prevailing conditions. Seek advice if necessary. 

2. Observe the symptoms. Start with a close-up examination of plant parts, consider the 
distribution of symptoms in individual trees, and then examine the distribution of attecied 
trees at the site. Last, find out from foresters and local people about the history of the 
problem (see Chapter 7). Make thorough notes, as accurate information will be required if 
you request technical assistance. 

3. Use the classification in Table 3 to decide what types of symptoms are present, fix amine the 
colour plates for symptoms that are similar to those found on the affected tree. This will 
suggest possible causes. Refer to Annex 3 to review which tree species and problems are 
illustrated in the colour plates. 

4. If further investigations are required (for example, if many trees are dying), take samples. 
I />ok carefully for any evidence of pest activity; collect pest samples or plant samples showing 
early symptoms from the appropriate part of the tree using the guidelines in Chapter 8. 

5. Consult the references in Annex 2 for further information. 

Making a diagnosis 

Mane stages are involved between the first observations of symptoms and the final conclusion about 
their cause. 'Hie first step is to eliminate factors that are most unlikely to be the cause of the problem. 
For some sy mptoms the cause may be easily determined, as with the pustules on leaves produced by 
a rust fungus, for example (Plate 2.2). Other symptoms may have several possible causes, such as 
dieback (Plate 8), which could be the result of a mammal feeding on a stem and stripping away the 
bark (Plates 13.13, 7.8), a fungal root disease (Plate 1.3) or a phytoplasma infection (Plate 4.7). 
Resolving these problems may involve the identification of potential pest organisms. This can be a 
long and complicated procedure, hence the value of carry ing out a preliminary diagnosis. 
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A good diagnosis takes into account wide knowledge of the host tree, the causal factors that 
impair its health and rhe interactions between the host, the factors and the environment in which 
the tree grows. Identifying the precise cause of a problem is often difficult, yet much can be achieved 
by following the simple procedures described above. 


Problems in linking symptoms to causes 

Some difficulties may be experienced in observing and interpreting the wide range of symptoms 
illustrated in the colour plates (Table 4). Tree health problems are often assumed to be caused by 
insects because they are easy to rind on trees and also because alternative causes of ill health are 
often unknown (see 'fable 2). The supporting evidence should always be examined carefully in 
interpreting the significance and importance of insects and other external features such as bracket 
fungi on trunks. The role of atmospheric pollution in tree declines should also be examined carefully 
by reference to the extensive literature on this topic (see Annex 2). 


Table 4. Common difficulties in observing and interpreting symptoms 


Dll 1 ICl'I.TV or 

H\ AM PI. MS 

Why? 

Corri.spoxdim; 

Prori.km 



(.01.411 R 1*1. ATMS 

Symptom type not 
recognized 

Phytoplasma diseases, 
glmcidia little leaf disease 

General un familiarity with 
phytoplasma and virus diseases 
on trees 

1 |e.g. 1.2, 1.9) 

•«Ni-4.3| 

Incorrect diagnosis of 

Confusion between the 

Insects are easy to see; poor 

13, 14 

symptoms 

effects of insect infestation 
and other pests 

awareness about the symptoms 
associated with other pests 


Significance of symptoms 
not fully understood 

Rot it disturbances leading 
to dieback and loss of 

L'nfomtliarit) with root diseases 
anti their pest causes 

8. 14A 


vigour in crown 



I'nwarranfcd alarm about 

Termite feeding on mature 

Inawareness that bark feeders 

14.8 

physical evidence of 
damage to tree 

tree trunks 

cause only superficial damage that 
has no effect cm the health of the 




tree 
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7 Colour plates: examples of ill-health in trees 


The colour plates give visual examples of different types of symptoms and damage associated with 
tree health problems. Thee are organized according to the classification of symptoms described in 
Table 3, Chapter 5. The captions describe the problem and give the name of the pest or other 
factors responsible for the symptoms. The host name and site are included in the caption. Colour 
plates can be searched by tree host and health problem in Annex 3. 


Colour plates 

Altered growth or development 

Plates I A. IB: COLOUR CHANGES IN CROUPS 

Plate 2: Cl A] .15, SVt'l 1 CLINGS AND KNOTS 

Plate 3: DISTORTION Ol I .KAVKS AND STIMS 

Plate 4: GROWTH STIMULATION 

Plate 5: STUNTliD OR RI .DI Cl D GROW TH 

Plate 6: PRIiMATURK LOSS OP I.LAVIIS OR STKMS 

General death 

Plate?: BLIGHT 

Plate 8: DIEBACK 

Plate 9: WILT AND COLI.APS1. 

Localized death 
Plate 10: SPOTS AND LI . SION'S 
Plates 1 1 A, I IB: CANKERS 
Plate 12: ROTS AND DI-CAYS 
Physical evidence 

Plates 13A, I3B: DA MAGI: BY INSLCT AND ANIMAL I I.LDING 
Plates 14 A, I4B: PI 1ST 1N1I.STATION 
Plates 15 A, 1 5B: GI .NI RAI. DA.MAGI. 

Plate 16: OTHI R GROWTHS ON TRI I .S 
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ALTERED GROWTH OR DEVELOPMENT 

Plate 1A Colour changes in crown 


The examples in Plates 1A and IB illustrate a wide variety of causes. Nutrient disorders and "site factors" are often said to 
be the cause of poor health, as determined by the appearance of crowns. But also look out for symptoms such as smaller 
leaves 1 1.2] and unusual patterns of leaf discolouration [1.5]. 



1.1 Unknown cause, possibly genetic abnormality No evidence of pest 1.2 Suspected peach ydiows (left), phytoptosma disease. Leaves are 

attack. Only one tree affected. Azadtraclrta mdea, Niger. smaller than on healthy trees. Prrnus persica, Camargo, Bolivia. 



1.3 Fungal root disease is the suspected 
cause o# these foliar symptoms and decline. 
AustroceOrus cMensis, Bariloche, Argentina. 


1.4 Waterlogging, All trees affected and 
several nearby ones have already died. Ceftis 
afneana, Pretoria, South Africa. 


1.5 Bacterial leaf scorch caused by XyfeNa 
fastvftosa, is a systemic disease. Quercus 
vdutina, Raleigh, North Carolina, USA. 
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Plate IB 


ALTERED GROWTH OR DEVELOPMENT 

Colour changes in crown 


Not all charges in colour indicate disease or insect attack [1.10]. Always compare the suspected problem with the 
condition or appearance of trees at different times of year. Nutrient imbalances in the soil are often blamed for colour 
changes and other altered growth responses, but little information exists about this for non-commercial tree species. 


13 




1.6 Drought damage. Trees weakened by poor 1.7 Probably drought damage. Pirns sp., 1.8 Boron deficiency, a recognized condition 

planting. Pinus patite, Venezuela. Chuquisaca, Bolivia. on Pmus pat uta. Colombia. 


1.9 [above left] Yellows disease (and dieback) due to phytoplasma 
disease. Mete azedarach, Santa Cruz de la Sierra, Bolivia. 


1.10 [above right! Normal loss of foliage and colour change as the 
dry season begins. Toona oteta, Zomba, Malawi. 


1.11 [left] Note the discolouration throughout the bee. the result of 
fungal canker damage caused by Cryphoncctna <vd**rw* on the main 
stem (not visible m this photo). Eucalyptus sp.. Brazil. 
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Plate 2 


ALTERED GROWTH OR DEVELOPMENT 

Galls, swellings and knots 


14 




Swelling on stems can be slight [2.3] or pronounced. Galls are highly distinctive and often diagnostic for specific pests. 


2.1: Mite-mduced galls causing sigrwficant damage in nursenes. Vanguena 2.2 Galls of the rust fungus. Atefocauda d/gttata. Acacia mangtum, 
mfausta, Gaborone, Botswana Kalimantan, Indonesia. 


2.3 [left] Rust fungus, Dtarchtdetia vtrlandtt infests 

stems and also causes dieback in crown. Mimosa 
schomburgbt. Vicosa, Braril 

2.4 [middle] Swelling at edge of canker « part of the 
healing process. Pmus sp., Brari 

2.5 [above] Rust infection causes enlargement of pine 

cone. Cronarttum strobdmum on Pinus e/hottr/, USA. 



2.6 [left] Note swelling be low the flowenng regon, 
possibly due to the pink fungus fruiting on the surface. 
Cathandra cafothyrsus, Trujillo, Honduras. 

2.7 [middle] Crown gall caused by Agrobacterium 
tumefasoens. Inga edufis, Rio Chico, Bolivia. 

2.8 [above] Olive knot caused by the bacterium 
Pseudomonas savastarx*. CMea europaea. Spain. 
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Plate 3 


ALTERED GROWTH OR DEVELOPMENT 

Distortion of leaves and stems 


A variety of pests can distort leaves and sometimes young, still fleshy stems. The effects can be transient [3.2], as in some 
incidences of insect feeding, but other altered growth forms can be accompanied by serious losses [3.3]. 



3.1 Virus disease produces distorted (shoestring) leaves on youngest 3.2 Leaf curling and death of stems of unknown or>gm. Possibly due 

stems. Gbrtcidta septum, vado Hondo, Guatemala. to insect feeding or vwus disease. Uapaca ktrktana, Zomba, Malawi. 



3.3 Stubby shoot disease reduces flowering and 
fruit production. Cause unknown. Sderoorya 
Dirrea, Gaborone, Botswana. 


3.4 Psybid attack (Cotophya rubra) produces pits 
or stems and leaves and weakens them. Schtnus 
mot/e. Cochabamba, Bolivia. 


3.5 [above, right) Symptoms of aphid damage considered 
by some farmers to be related to those shown left for 
peach leaf curl and called by the same name. Prunus 
perstca, Sucre, Bolivia. 

3.6 [left] Peach leaf curl, a highly dfctinctive fungus 
disease caused by Tapbrma deformans. Ptunus Persia, 
Epizana, Bolivia. 
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Plate 4 


ALTERED GROWTH OR DEVELOPMENT 

Growth stimulation 


Infection or pest attack can cause extra or additional growth which is often weaker than normal and may lead to dieback. 





4.1 [right) Extensive sprouting of leaves along 
stems in declining trees associated with ash 
yellows, a phytoplasma disease. Fraxinus 
udhet. Bogota, Colombia. 

4.2 [far right]. Foxtaihng is linked with 
predisposing genetic traits plus environmental 
influences. Pmussp., Cochabamba, Bolivia. 


4.3 [below]. Increased leaf production on very 
young stems soon falls off. Gllnodia little leaf 
disease, caused by a phytoplasma. Gtinddu 
septum, Honduras. 


4.4 [above] Animal grazing has stimulated 
new growth on right. Unknown street tree, 
Cochabamba, Bolivia. 

4.5 [right) Witches' broom caused by the rust 
fungus Endoraectum acaoae. Acaoa koaia, 
Hawaii. 




4.6 (left) Additional shoots formed with 
apparently smaller leaves. This type of 

symptom is difficult to interpret on unfamiliar 
trees. Suspected phytoplasma disease. Aaarua 
garckeana, Gaborone, Botswana. 


4,7 [right] Spectacular growth at top of ttvs tree 
is due to phytoplasma infection. Aphanamtxts 
pofystachya (Meliaceae), Dlnajpur. Bangladesh 
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Plate 5 


ALTERED GROWTH OR DEVELOPMENT 

Stunted or reduced growth 


Reduced growth may indicate poor growing conditions [5.1]. Major losses can occur when pests are not involved [5.4]. 



5.1 Compare reduced growth on left with seedling on right. Poor nutrition 
or lack o» water are possible causes. Mo obvious indication of vwus disease. 
Erythnna faicata, Cochabamba, Botvia 



5.2 Thrs native species grows up to 4,000 masl and beyond, but here it is 
performing poorly at 2.500 mjsl Cause of “problem* is not known but 
could simply be poor nutrition. Polyh&s meant, Cochabamba, Bolivia. 



5.3 [left] Glincidia little leaf disease {phytoplasma). 
Intemode length is greatly reduced giving this densely 
foliated stem. Qmodta septum, Zamorano, Honduras. 

5.4 [right] Gr catty reduced intemodes, barren lower 
stems and bunches of small leaves at the ape* are 
known as 'giraffes' necks”, a symptom of neem 
decline. Thought to be associated with drought 
Aeadtrachu tndica, near Sokoto, Nigeria. 



5.5 [left] Meiia yellows 
disease. Stimulation of 
growth from main trunk. 
Leaves are much smaller and 
mternode length is reduced, 
hence the compact bunches. 
These leaves soon die and 
fall away. Meha axdarach, 
Cochabamba, Bolivia. 


5.6. [right] Healthy foliage 
shown on the left and that 
caused by phytoplasma 
disease shown on the right. 
Meha andorach, Bolrmo 
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Aii illustrated guide to the state of health of trees 


Plate 6 


ALTERED GROWTH OR DEVELOPMENT 

Premature loss of leaves or stems 


Early drop of leaves is linked to pest (6.2] and non-pest [6.1] causes although in the former case trees would usually 
exhibit other symptoms such as root decay. The effect of abiotic influences such as drought is often temporary with trees 
becoming healthy as more ram falls. Pathogens and diseases have more fundamental and longer-term impacts on tree 
health. 
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6.1 Sparse crowns and earty leaf drop as well as giraffe neck symptoms 6.2 Loss of leaves is due to phytophthora root (feease Ainus 

indicate neem decline. Thought to be associated with drought. Qlvtmosa, Sussex, UK. 

AiatSrachta tndtea, Damaturu, Nigeria. 



6.3 Premature death of o*n sheaths is the first sign that culm tissues 
below are dying. Guadua angustifol/a, Quindio. Colombia. 


6.5 Loss of foliage (and yellowing) due to bacterial wit caused by 
Ralstoma soianacearvm. Gasuanna eawset>fot>a, China. 



Recognition inti interpretation of symptoms anil damage 


plate 7 General death 

Blight 


Blight is a general term used to describe death of foliage or stems, often in the absence of any distinctive symptom. 




7.2 Dying bamboo in foreground which looks Tike blight, is due to 
flowenng of bamboo. Arundinana aiptna, Ethiopia. 


7.1 Bamboo blight, suspected fungal disease. Note brown, dead portions of 
blighted culms. Bambusa vtdgans, Chittagong, Bangladesh. 






7.3 [above] Web blight caused by the fungus Ko/eroga noxta. Such 
blights are common on many plants and are caused by various 
fungi. Theobroma cacao, Tingo Mara, Peru. 

7.4 [left] Loss of leaves above confirms advanced root disease, 
probably due to the fungus Ganoderma sp. Acacia mangium, Riau, 
Indonesia. 

7.5 [right] Neem scale insect, Aomdictia orientals. Acadiracbta 
fndica, eastern Nigeria on the Cameroon border. 


7.6 [above]. Leaf blight (scorch) caused by herbicide drift in 
nursery, Acacia mangium, Kalimantan, Indonesia. 

7.7 [left] Attack by the fungus Botryosphaena dottudea 
Prnus taeda, Hawau, USA. 

7.8 [nght] Patch of brown and dried-up leaves indicates 
mammal feeding on stem, probably by squirrels. Betvla 
penduia, Sussex. UK. 
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Plate 8 General death 

Dieback 
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Note that not all stems withoot leaves in the crown are necessarily dead. Dieback is associated with many different causes, 
from root and trunk diseases to the broader effects of poor growing conditions and waterlogging. 




8.1 Note minor dieback at left due to little leaf disease 
(pbytopiasma). The yellow foliage is also abnormal. Gf/ncxte septum. 
Jutiapa, Guatemala. 


8.2 Same tree as 8. 1 photographed exactly one year later. Note 
more extensive dieback. 



8.5 Dieback is common in hedgerow trees 
whose roots may be affected by agricultural 
practices. No pnmary involvement of pests. 
Fraxmus excelsior, UK 


8.3 [left | Dieback due to unknown cause in 
street tree Catafpa txgnonxxdes, Baden-Baden, 
Germany. 

8.4 [right]. Apparent dieback. Birds have 
stripped the foliage to make nests but stems 
may still be alive AcMxachta mdica, Garoua, 
Cameroon. 



8.6 Dieback possibly due to mechanical 
interference with root system. Stercuha 
qutnqoelotja, Mangochi town, Malawi. 



8.7 Dieback due to possible ganoderma root 
disease. Nothofagvs sp , Rotorua, New Zealand. 
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Plate 9 GENERAL DEATH 

Wilt and collapse 


Wilting of foliage is often less distinctive in woody hosts when compared to the wilting of fleshy leaves of annual crops. 
Wilts are the result of internal blockages and are often accompanied by internal staining of stems [9.5]. Note that obtaining 
clear photos of wilt symptoms in crowns is often difficult; affected branches should be removed and photographed 
separately 



9.1 [left] Wilt symptoms 
Thought to be associated 
with fusanum root 
disease. Datoetgia assoc, 
near Bogra. Bangladesh. 


9.3 (left] Feeding by the 
tea mosquito, He/opeltis 
antona. induces wift-like 
symptoms. Azadtrachta 
rndtea, India. 


9.4 [right] Lethal yellowing 
disease of palms. Cocos 
nucifera. Florida. USA. 



9.2 | above | Cove- up of the wit and "blighted” leaves 
shown in 9.1 
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9.5 Internal staffing and bacterial ooze (appears 9.6 Bactenal wilt, caused by Ralsto/ua 
brown). See 9.6 for wffi symptoms. Eucalyptus solanacearum Eucalyptus sp , Mexico, 
sp., Mexico 


9.7 Takamaka wilt caused by the fungus 
Leptographtum catophyUt. Catophyitum 
mophyftum, Praslin, Seychelles. 
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Plate 10 LOCALIZED DEATH 

Spots and lesions 


Spots and lesions are common and it is not always easy to distinguish between insect feeding, fungi, bacteria, viruses and 
the effects of nutrient disorders. With stem lesions, carefully remove tissues to look for necrosis below [10.6]. 



10. 1 Lesions possibly due to the fungus 
Kmamyccs sp. Eucalyptus sp„ Thailand 


10.2 Common leaf spots associated with the 
fungus Septoojty. Potylepts tncana, Bolivia. 


10.3 Fungal leaf spots caused by 
Cercospora mekae fifeftj a/edarach, 
Dinajpur. Bangladesh. 





10.4 Dothistroma Wight Banding and 
colour changes occur on needles rather 
than distinct spots. Ptnus rachata, Ecuador. 


10.5 Some fungal infections affect large areas 
rather than cause distinct spots CyUnProdadtum 
sp. on Eucalyptus urophytta, Brazil. 


10.6 Young bacterial cankers 
( Pseudomonas savastancU) that lack the 
corky appearance of older lesions. 
Fraxmus exedsnx, Yorkshire, UK. 
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Plate 11A Localized death 

Cankers 


Cankers can vary considerabty in appearance: some have raised edges and cavities while others look more like galls or 
knots. The undertying tissues should be examined to see if there is necrosis and evidence of disease. 



11.1 Serious and fatal fungal canker caused by 
Comothynum zutuense. Eucalyptus sp. Kwazulu, 
South Africa. Also shown below in 11.5. 


11.2 Contrast these fungal cankers caused by 
Nectris gathgena with the bacterial cankers 
shown in 11.3. Fraxinus exedstor, Surrey, UK. 


11J Bacterial cankers casued by Pseudomonas 
savastanot sometimes referred to as 'knots". 
Fraxinus excetSKX, Yorkshire, UK. 
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Plate 11B LOCALIZED DEATH 

Cankers 


Some cankers do not have large cavibes [11.7]. Note the features of gummosis on eucalypts [11.12 and 11.13]. 



11.7 Bleeding from Setndium cardinal? fungal 
cankers. Cupressus tusttanxa, Pretoria, South 
Africa. 


11.8 Cankers associated with several different 
fungi. Acacia sp., Kalimantan, Indonesia. 


1 1.9 Hypoxyion mammatum, fungal canker. 
Populussp., USA. 




11.10 [left] Blister bark disease caused by a 
fungus. Casuarma CQuisetifofia, Karnataka, 
India. 

11.11 [nght] Canker due to Phethnus nonius. 
Hevea Pras/Aensis, Kalimantan, Indonesia, 



11.12 [above] Gummosis, a symptom 
associated with abiotic factors. Eucalyptus 
sp., place unknown. 

11.13 [left] Dark areas above exposed to 
show exudation of liquid known as kino. 
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Recognition and interpretation of symptoms and damage 


Plate 12 Localized death 

Rots and decays 


Rots and decays are classified according to the place where they occur, e.g. heartrot [12.2] or according to colour [12.3] 





12.1 Susoeced pythium root infection. Eucalyptus sp., KwaZulu, 12.2 Suspected Ganodecma sp. infection. Acer pseudopta'anus. 

South Africa. France. 


12.3 (above] Bluestaln caused by vanous 

fungi Pinus hondurensts, 

Venezuela. 

12.4 1 right 1 Root and butt brawn (cubicle) 
rot associated with Laettpon/s sutptKjreas- 
c'asuarma eQU&etitatta, Senegal. 

12.5 (left) Root rot. probably Ganoderma^p 
Acacia mang.-um, Riau, Indonesia. 


12.6 [above] Healthy nssue on left, decay on 
right, associated wrth decline. Austrocectrus 
ChOensts, Bantoche, Argentina. 

12.7 | right] Secondary fungal growth on 
culm surface. Suspected bacterial disease has 
caused decay, Gujdua anguitifotia. Qulndfo, 
Colombia. 


12.8 Fungal mats of AmxtUana meHea. a 
widespiead cause or root rot and tree death 
m temperate and subtropical areas. 
fifctro&ckroi poiymorpha, Hawaii 
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An illustrated pride to the state of health of tree? 


Plate 13A 


Physical evidence 

Damage by insect and animal feeding 


Observing insects feeding on foliage is not always possible although some types of damage are unmistakable [3.7]. 



13.1 [taftj Psyflid infestation (Hcteropsyftj cutou). Lctxacna 
leucocephj/a, Nepal 


13.2 [below, left] Tunnels made by unknown beetle larvae. 
Ptcrocarpus tndicus, Mahc, Seychelles. 


13.3 [below, middle] Beehote borer, Xyicutes cvrjmcus in 
young tree. GmeHna arttoree, Kalimantan, Indonesia. 


13.4 [ bek**, right] Empty larval case and frass is evidence of 
internal feeding by the beehote borer shown in 13.3 
Photographs from same tree. 



13.5 Bark feeding by Ptxyxanttesp. 13.6 Leaf miner (Neolithocolletis pentadesma) 13.7 Leaf skeletonuer (insect feeding 

Sprouting below dead region of trunk. damage. Pterocarpus tndicus, Mahe, Seychelles. damage). Uapaca krtoana, Mzuzu, Malawi. 

Parasenjnthcs fuauna, Kalimantan, Inoones-a. 
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Plate 13B 


Physical evidence 

Damage by insect and animal feeding 


Wilting of foliage in [13.11] and [13.13] Is due not to systemic infection by pathogens but to animals feeding on the bark. 
Trees usually recover the following year. 



13.8 Aphid feeding. Black material «s fungal 13.9 Grazing by unidentified insect. Unknown 13.10 Leaf tier. Name of insect not known, 

growth, “sooty mould". Prunus per&ca, Pocona, host, Mahe, Seychelles. DtHetva sp., Kalimantan, Indonesia. 

Bolivia. 



13.11 Feedmg damage {squirrels} similar to 
that shown in 13.13 Acacui mangwm, 
Kalimantan, Indonesia. 


13.12 Feeding damage by deer. Gmebna 
arborea, Indonesia. 


13.13 Bark stripping by squirrels leads to wit 
and chlorosis. Acer pseudoptitonus. Surrey, UK. 
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Plate 14A Physical evidence 

Pest infestation 


Infestations are easy to observe and often cause concern, but their significance may be less than assumed. 




14.1 [above] Rust fungus Ul&ctta paradoxa kills seeds 
and forms black masses. Araucaria araucaria, Dead China. 
Chile. 

14.2 [left] Aphids feeding. Unknown shrub, Cochabamba. 
Bolivia. 

14 J [right] Scale msect. Citrus, Trinidad, Bolivia. 


14.4 [left] White mycefeai 
sheath of Erythrtctum 
saimomcoky. Eixatyptxrs 
ip., Brazil. 


14.5 [nght] Velvet mould 
due to growth of the 
fungus SeptoPandumip 
Citrus, Santa Cruz, Bolivia. 


14.6 [above] Powdery mildew as shown by 
white bloom on leaves. Buddie# sp , 
Cochabamba, Bolivia. 


14.7 Dark myceiai mat of PTteiunus noxtus. 
Dctomx regia, Saipan Island, Mananas. 


14.8 Termites surface feeding on bark, not 
damaging. Brachystegta sp., Malawi. 


14.9 Termite nest (empty) Parasehanthes 
f aka tana, Kalimantan, Indonesia. 
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Plate 145 Physical EVIDENCE 

Pest infestation 



14.10 Rust fungus [Metampsora atiit-popufina). Populus sp.. 
Cochabamba, Bolivia. 

14.11 Rust fungus (Chsconia tngad) with raised pustules. Inga 
cyAndrtca, Santa Crur, Bolivia 
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14.12 Gall mite [Aeerta hichif) on lychee seen as "ft*" on underside of 
leaves. Utchf ctonensis, Thai Nguyen, Viet Nam. 


14.13 Parasitic plant m crown as shown by the red flowers of Ugaoa 
cunetfoha Schtnus moHe, Santa Crw, Bolivia. 
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Plate 15A Physical evidence 

General damage 


Unusual growth events [15.2] or damage [15.3] are best resolved by first looking for evidence of necrosis and then making 
enquiries about possible sources of mechanical damage. 





15.1 Han damage. The scars have healed over 
the onginal damage. Prunus perstca, Nor Cinb, 
Bolivia. 


15.2 Drought- induced. The ooze is from extra- 
ftoral nectaries. Note shortening of inter node 
length. Azacbracftta indca. Nigeria. 


15.3 Damage by grass cutting equipment. 
Acacia xanthophtoea. Pretoria. South Africa. 





15.4 [above] Damage caused by pruning for shade above tea plantation. 
Greviffea robusta, Tamil Nadu. India. 

15.5 [left] Tapping for resin Pmus merkusu, Central Java. Indonesia. 

15.6 [rlqht] Illegal tapping for sop. which « used to make an alcoholic 
beverage Acacta sp., Karnataka. Incfca. 


15.7 [left] Frost damage. Pinus 
tadtau, Rotorua, New Zealand. 


15.8 Debberate nog-barking of trees 
is killing them. Parasenantties 
fakatana, Mahe Seychelles. 
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Plfltp 1 SR Physical evidence 

General damage 


Bad pruning is a common source of future problems as the cut surfaces allow the entry of potential pathogens. Poor 
planting stock weakens future growth and makes trees more susceptible to insect attack. 



15.9 Poor nursery practice leads to twisted 
roots. Trees grow coorly. Acacia mangtum, 
Kalimantan, Indonesia. 


15.10 Ragged pruning allows fungi to enter 
and establish heart rot. Acacia tnangnm, 
Kalimantan, Indonesia. 


15.11 Normal sap bleeding. Guides cut trees 
for tourists and this results >n scars. 
Ptenxrarpus md/cus, Mahe, Seychelles, 



15.12 Prurung to remove overhanging 
branches. Fraxtnus udhet, Bogota, Colombia. 


15.13 Pruning to avo«d interference with 
electrical cables, but clumsily performed 
Fraxxnm udh*, Pereira, Colombia. 


15.14 Flux from Junction of mam trunks. 
Cause unknown. Trees “bleed" for 
physiological and pathological reasons. Acacia 
auncuftfomvs, Kalimantan, Indonesia 
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Plate 16 Physical evidence 

Other growths on trees 

Although plants and lichens do not cause direct harm to trees, they may have some effect or importance. Lichen patterns 
on stems may superficially resemble possible pathogenic fungi ( 16 . 6 ) 




16.1 [ above 1 One of several common 
bromeliads found on cocoa. meotxoma cacao, 
Equador 

16.2 [left]. Epiphytic plants (bromeliads) 
w»gh down branches. TheoOromd cacao, near 
Quevedo, Ecuador. 

16.3 [right] Lichens festoon the crowns of 
several trees in the m*>mbo woodlands. 

M^uzu, Malawi. 


16.4 Lchen growths. Araucana araucana. Dead 
• ;!. L'-.'lr. 


16.5 Lichens growing on culms. Guadua 
angusttfotta, Qumdio, Colombia. 


16.6 Colourful patterns on trunk due to 
several species of lichens. Parasenanthes 
fotcotana, Indonesia. 
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8 Integrating different sources of knowledge 


Sources of knowledge on tree Health range from the forester and extension officer to the researcher. 
Surveys arc the traditional way of determining the incidence and severity of a problem, but they 
require time, vehicles and money. Surveys also depend on the availability of researchers and local 
staff, which tend to be increasingly few. I />cal knowledge is a frequently neglected source of 
information which can provide fresh insights and a wider perspective on tree health problems 
without the need for expensive and lengthy surveys. 

Many local people rely on trees for prcnlucts and services and carefully observe changes to the 
health of trees. These observations often lack scientific detail but are valuable for their potential to 
describe a problem and to suggest fruitful lines of investigation. The ability of local people to 
diagnose symptoms accurately may be limited, and separate problems may be considered as the same 
one (see Plates 3.5 anti 3.6). However, careful interviews can he extremely helpful in explaining the 
historv of a disease or disorder, when it first occurred or where it is most damaging. This 
information can save time and money and contribute new information that would otherwise be 
difficult or even impossible to collect. 

The scientific literature is a more traditional source of information (see Annex 2). The Internet 
offers unlimited access to information, but it is recommended that directed searches be performed 
via the useful sites suggested in Table 5. 
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Table 5. Important Internet sites 


Wl.HSITI 

Nutts 

wuAvxnbici >mpemlium.< »rg 

The forestn compendium has some information on insect pests and 
diseases (less so on disorders «tr abiotic factors); the crop protection 
compendium includes some tree species 

tnrv xab i - hit t*cicncc.< >rg 

C Alii online databases, compendia and published abstracts are frequently 
available through universities. libraries and research institutes 

www.fao.i >rg 

Pmvtdes definitions, gives links to other information sources and outlines 
I A( )’s activities in forest health 

ttw. fac i.org/ l< irestry /pest s 


wvew.Kfed.us/ forest health 
XA 

uAvw.torestnimjmcs.org 

Provides good information notes on specific forest pests 

Photos of insea pests ami diseases on trees, mostly in North America and 
1 Europe 

wwAV.fi >r.guv .be. ca/tasb/legsregs/ fpc/ 
tpcguide/ health/ 1 Inoc.hrm 

Cieneric forest health surveys guidebook 

wuAv.ux trldagn ifi >rcstryccntre.< »rg 

Provides information on locations, contacts, programmes and activities of 
the Vi'utkl Agmfocestry Centre (ICRAI-) 

iufm.boku.ac. at 

Pn uidcs infonmbon on contacts. programmes and activities of the 
International L nion of Forestry Research ( irgani/ations (11I R( )); 
Division 7 covets forest health 

www.ifgb.uni hannovcr.de/exter/ 
ppigl)/ ppigb.htm 

( iateway to information on plant diseases 

uAvu.tliag n« »is.c« ».n/ 

Software that helps uith diagnosis of crop problems 

unAie.uwasa.fi/ c< wnm /termini »/ c< tiled/ 
forestry .html 

(ilossan of forestn terms in sev eral languages 
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9 Technical support and advice 

Diagnostic and advisory services 

Always consult local support services for initial advice if possible. If these are unavailable for tree 
health problems, then it is advisable to consult experts and field workers in related disciplines and 
sectors such as plant pathology and entomology. The next step may be to collect samples or to invite 
experts to examine the problem in the field. 

If samples arc required for laboratory investigation, always try to choose a laboratory or institute 
as close as possible to the sire of the tree health problem. A straightforward diagnostic investigation 
will involve examination of potential pest infested material, either in the form of insect samples or 
perhaps plant tissues with fungal fruiting structures. A more detailed investigation will require 
isolation and identification of potential pest organisms or rearing of adult insects from larvae. 

Mways contact the laboratory before sending material to determine its policy for accepting 
samples or receiving cultures or samples of pest organisms, especially if the laboratory is overseas 
and quarantine legislation must he respected. Common services available include identification of 
insects, at least to major orders. Tungi that produce spores on plant material are usually more easy 
to identify than those that require isolation and culturing. Identifying bacteria is more difficult, while- 
services for identifying viruses anti phytoplasma are rare. 

Diseased material can he sent through the post, hut the ability to isolate pathogens decreases as 
the time between collection of material anti receipt bv the diagnostic laboratory increases. 

There ore several diagnostic and taxonomic institutes worldwide that offer a variety of services, 
l or example, CABI Bioscience offers some limited free services for developing countries with the 
support of the Department for International Development, I'K, as well as paid services for 
commercial interests. The ( ABI Bioscience Global Plant Clinic is able to diagnose tree health 
problems and can identify fungi, bacteria, nematodes, viruses and phytoplasmas. The service does 
not include insect pests unless they are potential vectors of plant parhogens. Other institutes can be 
located through Web searches nr by recommendation from previous contacts. 
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Collecting and sending samples 

Separate guidelines are provided for sending plant material, cultures of fungi or bacteria and insect 
samples. 

The guidelines for sending plant material arc as follows. 

• Collect fresh material that shows the early stages of symptom development or has evidence 
of pest infestation (c.g. fungus fruiting bodies) 

• Get it to the investigating laboratory as quickly as possible. 

• Pack it loosely yet securely to keep humidity low and reduce the chance of mould fungi 
developing en route. DO NOT PACK. IN PLASTIC BAGS! 

• Provide information on symptoms and other details of the problem. 

• Give each sample a unique code that will allow the receiving laboratory to keep track of vour 
query. 

The type of plant material to send depends greatly on the type of tree health problem. A good 
preliminary diagnosis based on a visual assessment of the symptoms will assist significantly in 
deckling what sample to semi for investigation. 

Do not send wilted leaves, for example, since these indicate a systemic disruption or root disease. 
Dead leaves have limited value in diagnostic investigations. Examine the roots and stems for internal 
staining and send small portions showing the symptoms. Leaf materials with lesions can be simply 
pressed by inserting them between sheets of absorbent paper such as newspaper or kitchen roll and 
then placing them inside a book or under an object to apply light pressure. 

Excise the parts of the stems that show symptoms such as cankers or staining at the junction of 
healthy and stained or decaying tissue. Materials with suspected virus diseases are best preserved 
before dispatch. Press leaves between absorbent material (best to use filter paper but improvise if 
necessary) soaked in 50 percent glycerol to help keep leaf material fresh. 

Material with suspected phvtoplasma diseases can be sent dried or with leaves and young stems 
preserved in 1 percent borax. Use rigid bottles (preferably plastic) that have a tight seal and do not 
leak. Reinforce the seal with plastic tape stretched around rhe container top. 

It is vital that all material be carefully and permanently labelled. 

The guidelines for sending specimens or cultures of fungi and/or bacteria are as follows. 

• Some fungi sporulate on plant structures bur others have to be isolated from planr material. 
Where possible, attempt to do these isolations in situ or at a local laboratory. Simple tap water 
agar (1.5 percent agar in sterilized tap water) is a useful medium for general purposes. 

• Only send the most commonly isolated fungi or bacteria for identification. This reduces the 
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potential cost of the investigation ami increases the chances of getting a quick reply to your 
query. 

• Microfungi should be sent as young, pure cultures. Test tubes, small glass tubes and plastic 
petti dishes are the simplest containers for sending live fungal material. The safest methods 
(e.g. freeze-drying) require specialist equipment for preparing cultures. 

• Always check cultures for mites. These are best kept in check through sound laboratory 
techniques. 

• Macrofungi (mushrooms, bracket fungi and so on) should be dried and sent in envelopes or 

paper. DO NC VT USE PI . ASTK . BAGS! 37 

The Plant pathologist's pockctbook (Waller, Lenne and Waller, 2001) provides much useful general 
information on handling specimens and on growing cultures of fungi. 

The guidelines for sending insect specimens are as follows. 

• Larvae arc difficult to identify; therefore try to rear the insects to adult stage before sending. 

• Large insects should be air dried or frozen prior to dispatch and carefully packed in a small 
rube or vial with tissue paper or cotton to avoid damage. 

• Small insects can Ik- preserved in 75 percent alcohol. Place identifying labels (written in pencil 
or indelible black ink on paper) inside the containers. 

• All specimens should be carefully labelled with collector’s name, date of collection, site and 
any host information (species, size, age). 

• Keep a carefully labelled reference collection of all insects sent for identification for future 
cross-referencing. 
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Annex 1 

Definitions and explanations related to tree health 


Note: For the purposes of this guide the terms used to describe various aspects of tree health have been simplified. 
Differences from official or published definitions are noted below. 


Tl RM 


Dl J IN1THJN (SOI Ri I *) 


Abiotic factors Non living factors such as wind, water, temperature, 
or sihI type or texture (IA< >) 

Biotic factors laving organisms influencing the environment 
(opposite of abiotic factors) (IPMRf .1 


Blight 


A disease characterized In widespread and rapid killing 
of plant parts (i.e. leaves, (lowers, stents) (l ; A< >) 


Canker Dead, disc* >l> mat 1 . 1 iftcn sunken area « m a plant (I A( )) 

Condition 


Damage 


Decline 


Diagnosis 


Dieback 

Disease 


Disorder 


Epiphytes 


Health 


Host 


III health 


The adverse effect on plants or crops due to biotic or 
abiotic agents, resulting in a reduction of yield and/or 
quality (IPMRQ 

An interaction of interchangeable, specifically ordered 
abiotic and biotic factors to produce a gradual general 
deterioration, often ending in death of trees (III RO) 

Identification of the nature and cause of an illness, 
ailment of disease on the basis of its signs, symptoms, 
etiology, pathogenesis, phytopathology. 
mnrph«*pathologv etc.: also the decision readied 

(lAt l/IPPQ 

Progressive death of shoots, leaves or roots, beginning 
at the tips (FAC >} 

A condition caused by living organisms or 
environmental changes that impairs the normal 
(unctions of a living organism (FAC >) 

Any harmful deviation from normal plant 

phy siological processes due to abiotic factors (IPMRQ 

A non -parasitic plant that is attached to another plant 
for mechanical support only; examples include orchitis, 
lichens and mosses (IPMRQ 

The state of* well-being: physiological and biochemical 
processes are undisturbed 

laving organisms that serve as f« * >d sources for 
parasites and parasitouls (I A( )) 


I nfcction The tntn kIucm< >n i ir entry of a parasite < >r path* igcmc 

micro-organism into a susceptible host, resulting in the 
presence of that organism within the body of tlx host, 
whether or nor this causes detectable pathologic 
effects (* >r an * >vcrt disease) (I PM RC ') 

Infestation A r rouble some invasion of insect pests within a 

particular area (I At >) 


I'sAtil l\ Till < tiVII .XT CM TIIJS til 11)1 


Pest organisms that infest trees 


( iener.il state of well ! icing; see also 

’‘tree condirit »n" 

An injury to a tree, commonly used to 
describe tlx effect of insect feeding, but 
interpreted more generally here 

A loss in tree vigour, a gradual anil 
general deterioration in appearance 
leading to complete ilcath 

The process of finiling out the cause of a 
tree health probk*m - not only disease 


A harmful deviation of nomial plant 
processes caused by infection with a 
pathogen 

General description of problems caused 
by non -infectious agents 


Sec “tree health" 

The tree that hartmurs a pest organism 

The adverse effect of pests ami other 
factors 0*1 1 be normal .qijxaranee ot a tree 

A plant that is infected atul shows 
symptoms is said to lx diseased 


l se«l more generally to refer to invasion 
* if pest i irganisms 


39 
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Term 

Dl J lNtnoN (SO( RCH‘) 

USAt it IN THi; • < 1NTKMT c i|' THIS < JHOF. 

Injury 

Damage of a plant by an animal, physical or chemical 
agent which impairs plant growth, function and/or 
appearance but docs nor ncccssarih' result bi loss yield 
and, .’or quality (IPMRC) 

“Damage” is more commonly used when 
describing such events in trees 

Necrosis 

Death of tissue, usually accompanied by black or 
brown darkening (I- AC )) 


Nematode 

Microscopic cylindrical worms, parasitic on plants 
or animals or free living in water (1 AO) 


Parasite 

An organism that trees on nr in a larger organism, 
feeding upon it (FAO/ 1 PPQ 

Parasites do not infect their host ami thus 
do not cause disease; hi *wcver, plain 
nematodes are referred to as parasites and 
pathogens 

Pathogen 

Micro -organism causing disease (FAO/IPPC) 

Includes fungi, bacteria, viruses and 
phytoplasmas but exduties insects, weeds 
ami other animal pests, e.g. mammals 

Pathology 

The study of disease (FAO) 


Pest 

Am species, strain or biotype of plant, animal or 
pathogenic agent injurious to plants or plant 
products (FAO/IPPC) 

A primary pest is one that is the leading 
cause of a problem; a secondary pest 
contributes to symptoms and damage but is 
not the principal agent 

Saprophyte 

Organisms (usually fungus) living on dead or 
decaying tissue (IPMRC) 

Saprobe is tlx- preferred term Note diat fungi 
ore not plants ;uid ore distinct organisms 

Sign 

Cvidcncc of disease as indicated by the presence of 
the disease -producing organisms or of any of their 
pans or products e,g. bacterial ooze or fungus 
structures (IPMRC) 

'rhe use of this term in the narrow sense has 
been avoided in the guide 

Stress 


A state manifested fiy a syndrome <»r bi slih 
changes caused by * wrx* ft zee, a xxlini m « z 
circumstance, eg o zisrramts upon plant growth 
tz survival caused by a harsh environment 

Symptom 

The apparent changes m an organism as a result of 
atrack. such as by a pathogen or pest (FAO) 

1*111 simply, this is when “« wiKthitlg docs nut 

kx>k right” Used in a general sense to refer to 
all v isible evidence of ill-health in trees 

Syndrome 

I Ik totality of effects produced in a host by one 
disease, whether simultaneously or successively and 
whether detectable t« < tlx- unaided eye or tint (I PMRC ') 


Tree 

condition 


The state of health of a tree 

Tree health 

(individual 

trees) 


‘‘Health « >f the true” is the jwfcmxl phrase w hen 
re (erring n > the state t well bang or normal 
growth oral development individual trees 

Tree health 

(general topic) 


The study and consideration of factors that 
influence the state of well-being and the 
effects these have on the tree 

Vector 

laterally “a carrier”. An animal earning a micro- 



organism pathogenic for members of another 
species; the vector may or may not be essential for 
the completion of the life cycle of the pathogenic 
micro organism (1PM RQ 

J FAO: FAC ) forest health Web site: w uNv.faoang/ f orestry /pests 

IPMRC: Integrated Pest Management Resource Centre, Ptsf mam^rnttal : www '.tpmrc.com/ lib/ glossary. shtml 
ILTTW ): International Union of Forestry Research Organizations, .Sih-ul W: iufm.bokuacat /iufro/silvavoc 
I AO/1PPC: FAC)/ International Plant Protection Convention . Glossary affihstaumiitirt firms : uw-w.ippc.int/IPP/l-.n 
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Annex 2 

Guide to useful books and sources of information on tree 
health, insect pests and diseases 


Publications arc arranged under three general headings: 

• General; 

• Global; 

• Regional or country emphasis. 


General 

This selection of books will help the reader learn more about pests and the more technical and 
scientific aspects of tree health. Some specifically emphasize forestry while others concentrate on 
insect pests and diseases of crop plants. The emphasis on a particular pest group is of less 
importance, when it comes to understanding biology, ecology, infection processes of pathogens and 
feeding habits of insects. 

CL4BI crop protection compendium: global module. 2001. W allingford, UK, CABI Publishing. 

The most comprehensive and up-to-date source of information on all groups of plant pests. 
Copiously illustrated and contains photos that can be cut and pasted to create data sheets. Pew 
forestry species are included; the equivalent forestry compendium has information on tree pests but 
is principally a silvicultural guide. The CstBI crop protection compendium is an excellent and affordable- 
guide to symptoms and features of pest attack on plants. 

AY A 1 1 A B 1 1 JTY: www. cabicompcndiuma >rg 

h'ie/d and laboratory guide to tree pathology. R.O. Blanchard & T.A. Tartar. 1997. New York, USA, 
Academic Press. 

A standard guide to laboratory anti field methods and procedures. Mainly concerned with fungal 
diseases although other non-insect pests are included. 

AVA 1 1 - A B I LITY: www.academicpress.c< >m 
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Foliar symptoms of the nutrient disorders in the tropical shrub legume Gliricidia sepium. FAY Smith & RJ. 
Vanden Berg. 1992. Division of Tropical Crops anti Pastures Technical Paper No. 30. Indooroopilly, 
Queensland, Australia, CSIRO Publishing. 

Well illustrated, in colour. One of a series of three books that describes the effect of nutrient 
imbalances in important woody legumes based on experimental work in Australia; rhe other two 
bonks are on nutrient disorders in / xucaena and Calliandra species. 

AVAIl .ABU TTY: www.publish.csm ».au 

Forest health: its assessment and status. J. lnnes. 1995. Wallingford, UK, CAB International. 

The standard text addressing all factors, including tree pests, that affect the condition and overall 
health of trees. It is both a scientific account of tree health studies from I ’urope, North America and 
other countries, and a practical guide. Selected problems are illustrated with black and white photos. 
AYAH .ABILITY: www.cabi.-publishing.org 

Insect pests in tropica! forestry. M.R. Speight & F.R. W ylie. 2000. Wallingford, UK, CAB International 
Publishing. 

An excellent introduction that includes fundamental scientific aspects and practical control 
measures against tree pests. Pest damage is well described and there are colour photographs of insect 
pests infesting (mostly) plantation tree species, although agroforestry species are also included. 

AY A 1 1 .A B 1 1 TTY: www.cabi publishing.org 

Nutrient disorders in plantation auajypts. B. Dell, X. Malajczuk & T.S. Grove. 1995. AC1AR Monograph 31. 

Well illustrated and in colour. A comprehensive guide based on work in Australia but of global 
relevance and application. A good source of general information that could lx* applied, albeit with 
caution, to other tree species. 

AVAILABILITY: www.aciar.org 

Plant patlw/og). G. Agrios. 1997. San Diego, California, USA, Academic Press. 

A popular and much-used undergraduate text that provides a general introduction to all pest 
groups except insects. Includes some examples of forest diseases although predominantly 
concerned with crop plants. 

AY A 1 LA BUTTY: www.academicpress.com 
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Plant pathologist's pocktlbook. 3rd edition. J.M. Waller, J.M. Lenne is: S.J. Waller. 2001. Wallingford, l'K, 
CABI Publishing. 

A practical guide to laboratory and field practice. Contains advice on collecting samples, survey 
techniques and photography. Kmphasis is on crop plants, but some information on trees. 
AVAILABILITY: wwwcahi-publishing.org 

Principles of forest patfsology. F.H. Tainter & LA. Baker. 1990. New York, USA, John Wiley & Sons. 
Describes scientific aspects of tree pathogens based on examples and experiences in North America. 
AN 'All ABILITY’: wavw. wilcy.com. 


Global 

Compendium of conifer diseases. L. Hansen & K.J. Lewis. 1997. St. Paul, Minnesota, USA, APS Press. 

Main examples are taken from North America and Lurope but also information on major conifers 
from other continents and information on disorders. All problems are illustrated by colour 
photographs, but are often too small to be practical. Good source of up-to-date knowledge on 
major disease problems. 

AVAILABILITY: www.shopapspresss.org 

Decline and dieback of trees and forests. W’.M. Ciesla & L. Donaubauer. 1994. FAO Forestry Paper 120. 
Rome. 

A good introduction to abiotic diseases with a global overview; most examples are taken from 
Lurope and North America. The photographs are in black and white and describe selected problems. 
AVAILABILITY': www.fao.org 

Diseases and patfsopens of eucalypti. PJ. Keane, G.A. Kile, F.D. Podgcr &. B.N. Brown. 2000. 
Indooroopillv, Queensland, Australia, CS1RO Publishing. 

A comprehensive scientific account from Australia; also includes information from other 
countries and their diseases. A reference book rather than a practical guide. Contains many colour 
photographs but their use for diagnostic purposes is limited. 

AN 'All .ABILITY’: www.publish.csiro.au 
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Regional or country emphasis 

ASIA 

Manual of diseases of tropical acacias in Australia . South-Mast Asia and India, k. Old, S.S. Lee, J. Sharmn 
& Q.Y. Zi.. 2000. Bogor, Indonesia, CIFOR. 

First major account of tree pest problems reported from India to Australia where acacias have 
been widely planted for nascent forest plantation industries. The clear and helpful photographs of 
symptoms anti pests will help in diagnosing problems. 

AVAILABILITY: www.cifor.org 

EUROPE (UK] 

Diagnosis of ill health in trees. R.G. Strouts, R.G. & T. Winter. 2000. Ijondon, L’K, The Stationary Office. 

An excellent book, practical with well-chosen and organized colour photos. Information comes 
from many different starting points: host tree, pest name, symptom or type of damage. Much effort 
has been expended in providing a clear layout, as well as succinct and informative text. 

AVAILA B ILITY: www.the-stationary-office.co.uk 

EUROPE 

Tree diseases and disorders: causes, biology and control in forest and amenity frees. 1 1. Butin. Edited by D. 
Lonsdale. Oxford, UK, Oxford University Press. 

General text with an emphasis on Europe. Also describes individual diseases and disorders (non 
pest problems) on a selected range of tree species. 

AVA 1 1 JVB1LITY: vvww. the - sta ti< mar y - office.co.uk 

NORTH AMERICA 

Diseases of trees and shrubs. VC'. A. Sinclair, H.H. Lyon & W. Johnson. 1989. Ithaca, NY, USA, Cornell 
University Press. 

A large format book with the most comprehensive collection of good and well- reproduced 
photographs. Although the selection of tree species is geared towards all aspects of forestry in 
North America, this book has wider applications in recognizing and interpreting symptoms. It is 
difficult to examine lists of diseases on individual tree species because of how this information is 
condensed and displayed in the index. However, the accounts of different diseases are arranged 
mostly by pest, and arc clear and informative. 

AVA 1 1 . ABI I JT Y: www.corncllpre5S.corncll.edu 
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NORTH AMliRlCA 

Insects that feed on trees and shrubs. 2nd edition. W.T. Johnson & H.H. Lyon. 1991. Ithaca, NY, USA, 

Cornell University Press. 

An impressive and widely useful book that predated the companion volume. Diseases of trees and 
shrubs (see above). A separate index for insects, mites and other animals makes it easier to locate 
information. 

AYAILAB11 .ITA: www.cornellpress.cornell.edu 

USA 45 

Insects and diseases of trees in t/.v South. Protection Report R8-PR16. United States Department of 
Agriculture - Forest Service, Southern Region. 

Includes both insect pests and diseases of commercial forestry species. 

AYA11 .ABILITY: wAvw.fhpr8.srs.fs.fed.us/idotis/insects.hnnl 
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Annex 3 

Tree hosts and health problems illustrated in the colour plates 


1 1( tST,OH ’\TRY 
Acacia auricu/ifonuis , Indonesia 
Acacia 4mm, Hawaii 
Acacia mausyum, Indonesia 
Acacia maujpum, Indonesia 
Acacia mwffuw, Indonesia 
Acada manyium, Indonesia 
Acacia man$ium, Indonesia 
Acacia mauffum, Indonesia 
Acacia mangfuw, Indonesia 
Acacia sp., Indonesia 
Acacia Sp., Indonesia 
Acacia sp.. India 

Acacia xantkopbioea, South Africa 
Acer pjrudopiatauus , V ranee 
Acer psruckpLitauus, l ! K 
A/uur g/uHnasa, UK 
. \phanomixi.< pof)jtacha , Bangladesh 
Araucaria araucaua, ( ihilc 
Araucaria araucaria, (ihile 
Aruudiuaria a/piua , I Ethiopia 
Auilrnccdrus cbiltuus. Argentina 
Austroadrus ciukuas, Argentina 
I ~adirachta iudica , Niger 
A$adirachta iudica , Nigeria 
Aqadirucbtu iudica, Nigeria 
A^adirachia iudica, Nigeria 
A^adirachta iudica, Nigeria 
A^idiracbta iudica, India 
A~adirachta iudica), Nigeria 
.1 %au%a qarkraua, Botswana 
Hambusa lufcms, Bangladesh 
H ctuLi penduia, UK 
Hrachslcgia sp.. Malawi 
Hudd/tya sp., Bolivia 


Pi ATI DlISC Rlin iuN 

1 5. 1 4 I Cxudarion of fluid, “bleeding** 

4.3 Rust , witches’ brr h >m 

12 Rust galls 

7.4 Root disease 

7.6 I x*af scorch, herbicide damage 

12.3 Root rot 

13.11 Squirrel damage 

13.9 Twisted root 

I5.1<> Bad pruning 

14.15 Pink disease ( fungus) 

11.8 ( i anker 

1 5.6 1 1 uni an damage 

1 5.3 ( iutting damage 

111 (ianoderma rot (fungus) 

13.13 Squirrel feeding 

6.2 Phyrophthoni root disease (fungus) 

4." Phytoplasma infection 

14.1 Seed fungus 

16.4 lichens 

12 Dying bam 1 m k > hecausc i if fl* iwcnng 

1.3 Decline, possible fungal r«Mit disease 

116 Decline, possibly fungal root disease 

1.1 Possihly genetic abnormality 

5.4 \cetn decline 

6.1 Neein decline 

7.5 Insect scale 

8.4 Bin! damage 

9.3 Wilting, tea mosquito 

1 5.2 I .iquid exudation 

4.6 Suspected phytoplasma disease 

7.1 Bambi mi blight 

18 Mammal feeding 

14.8 Termite bark feeding 

14.6 Powdery mildew 
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ItnST.O JlNTRV 

Pi VI 1 

Di m icn^nt >\ 

G/Wrti (t ifatlnrsHf, 1 londuras 

2.6 

Swelling due to fungus (,\tr/nw) 

Ctiiopinfiim ittoplniim, Seychelles 

9,7 

Takamaka wilt 

CuisiKiriu.1 titniutifalLiy ( hma 

6.5 

Bacterial wik 

i^snjrinti uwu. /ifoJui, India 

11.10 

Blister hark disease 

CMMtirind fijuisetffhiia. Senegal 

12.4 

Root rot 

CjtltiifKt {ujtMqiaifU t, Ctcrmanv 

K.4 

Diehnck 

Cri'tis 'iin<<in,t. South Africa 

1.4 

Warerk igging 

Uitrus, Bolivia 

14.5 

Scale insect'. 

Citrus, Bolivia 

14.5 

\ civet mould (fungus) 

CmW rt/til/erj, USA 

9.4 

1 .cthal yellow ing (phytoplasma) 

(jtftn'aus hta/uMfii, South Africa 

11.7 

fungal canker {Scritl/nm) 

siisn >, Bangladesh 

9.1 

Wilt 

Du Rtrya fiim . Bangladesh 

')2 

Wilt 

l\k w.v m^r, Saipan island, Marianas 

14.7 

f ungus maT ( PMihutf) 

Drlknitt sp.. Indonesia 

15.10 

Insect damage 

iirjlhriun ftikaUi, Boliv ia 

5.1 

Stunting 

1 iUitihpins sp.. Brazil 

1. 11 

fungal canker 

i -.Htdhpitts sp., Mexico 

9.5 

Bacterial ooze 

fcnosliptNJ sp., Mexico 

9.6 

Bacterial will 

iimjfjptsts sp., Thailand 

lu. 1 

1 .eat spot 

liucaf)pttts sp.. South Africa 

1 LI 

l ungal canker 

i'Mvfifu’M sp.. Brazil 

11.4 

fungal canker 

HutohptM sp.. South Africa 

11.5 

fungal canker 

hut't thpiM sp. t country unknown 

11.12 

(Jummnsis 

huathpi/ti- s|>.. country unknown 

1 1-15 

1 jljuhI exudate 

\-.nidf\plus >p.. South Africa 

12. 1 

Pytliium root rot { fungus j 

/ -.uu>t\pi's% >p„ Brazil 

14.4 

f ungus mat 

htitiipptur umphyiLt, Braz.il 

in.5 

f ungal leaf lesion 

Vuvs syaaw-fM, Malawi 

10.H 

Insect galls 

I'raxiam itdlm, ( a >l< >mbia 

15.12 

Pruning 

t'rdxiuits mil*} , t » ilombu 

4.1 

Phytnplasma, ash yellows 

i’WCtUM Ufil/cs, Colomltia 

15.15 

Bad pruning 

t ni\inas txrr/aor* UK 

H.5 

Dtelwck 

t mxTruts txtt/mr, L K 

HWi 

Bacterial canker 

I rdxmtix txtrianr, UK 

11.2 

f ungal canker 

/ r.Lxiutii tXirlmr, U K 

IL5 

Bacterial canker (“knots") 

CiitneiAhi Jrpjttw, ( iuatcmala 

5.1 

Slroestring virus 

CtHnaA, m srpj/tw, 1 londuras 

4.5 

1 atrle leaf disease, phytoplasma 
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Host, country 

Pi ati: 

DittCRiimt >\ 

C.Sriddia upturn, 1 londuras 

53 

Little leaf disease, phytoplasma 

GHrindia septum, Guuemak 

8.1 

little leaf disease, phytoplasma 

GSriddia upturn, Ciuatemala 

8.2 

little leaf disease, phytoplasma 

C ~,Bruu£a upturn, 1 Iixui ura$ 

HW 

Discolouration of leaves, virus 

Ct /tt tit uu itritofTit, Indonesia 

13.3 

Bcchole borer, internal feeding 

GmtJitta itriwrxu. Indonesia 

13.4 

Beehole borer, internal feeding 

Gmttimt arfona , Ind< >nesia 

13.12 

Deer damage 

GukSmu iirimna. Indonesia 

14.14 

Termite feeding in roots 

GntiUut miwstit. India 

15.4 

Pruning damage 

Gttadutt uttgUfftfitSu, Colombia 

63 

Premature death 

GumJuu awgftttifidia, Colombia 

12.7 

( .'ulm decay 

Guafiutj tiu^ustsphii, Colombia 

16.5 

1 .ichens 

Heira bruaheuds, Indonesia 

11.11 

Pbellinus canker (fungus) 

ill'll (yhndrka, Bolivia 

14.11 

Kust 

/«jjw tdulis, Bolivia 

>7 

Agn ibactcrium galls 

1 utitcixmi kmottphaUi, Nepal 

13.1 

Psyllid infestation 

/ jtcfv cbineudi, Viet Nam 

14.12 

Call mite 

Wtiia uspeii/rut/j, Bolivia 

1.9 

Phytoplasma. yellows 

\ti fa At^rdiniuh, Bolivia 

5.5 

Phytoplasma, yellows 

Mf&t a^rdutueb, Bolivia 

5.6 

Phytoplasma, yellows 

Slttiu ttqedtnudh, Bangladesh 

10.3 

(’ercospora leaf spot (fungus) 

Mvfntudens poJymotp/ut, 1 lavvaii 

12.8 

Armillam root rot (fungus) 

A li/uoju Brazil 

23 

Rust fungus on stem 

Miombo tree, Malawi 

16.3 

1 .ichens 

\ oi/jn{tts>us sp.. New Zealand 

8.7 

Ganoderma root disease (fungus) 

( )ka vumpett, Spain 

28 

Bacterial knots 

Pantstrian/bts ktUataria, 1 ndc « tesi a 

13.5 

Phnntcamba insect feet ling 

Pamsrrumtbts jaltai aria, Indonesia 

14.9 

Termite nest 

Pamuriuatbtejdkatmria, Seychelles 

15.8 

Ring barking 

Puru/rriuH/hrt faJcatariu, Indonesia 

16.6 

lichens 

Pima uttrkujii, Indonesia 

15.5 

Tapping for resin 

Pituu caribata var. imtdutmsis. Venezuela 

123 

Bluest ain 

Pirns fUjottii, USA 

2.5 

Kust on cones 

Phuu pthtitty Venezuela 

1.6 

Drought, poor planting 

Pima patuJu, ( .( >1* nubia 

1.8 

Boron deficiency 

P/nus radiaia, Ecuador 

10.4 

Dothtsrroma Wight (fungus) 

Pittus radiaia , New Zealand 

15.7 

1'rost damage 

Pima sp., Bolivia 

1.7 

Drought damage 
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Hi 1ST, cm NTRV 
Phua sp., Brazil 
Pma sp„ Bolivia 
Pima tuaLi, Hawaii 
Pofyiefus ituana , Bolivia 
P<>t)kpis ihcjum , Bolivia 
Popuha sp.. USA 

Pitftnha sp, {“cdwmnaris”). Bolivia 
Pnatus ptmai, Bolivia 
Pawns pem<a . Bolivia 
Prunuf ftersi- a, Bolivia 
Pawns ptrsica , Bolivia 
Pawns ptrsira , Bolivia 
Phnxtflpia iult tuf, Seychelles 
PlffotfOpMS uuLrui. Seychelles 
Pfttuurpns i W aw r. Seychelles 
(Jmma r\ luti no. USA 
Sdimus unlit, Bi divia 
Sebimts unlit, Bt divia 
Sebimts unlit, Bolivia 
S e k nca r ju wm-u, Botswana 
Sfrmlut qMnqut/oba, Malawi 
SyqgHm unmt/iam, Ind< inesia 
Tabtbuiu semtttfolLi, Brazil 
'I'bralwnura .mm, Peru 
TbrofimuM atcua, I Lcuador 
loono dlutd, Malawi 
I'jpacti kirkimta, Malawi 
I ’iifkhv kirirjma , Malawi 
L apnea kirkiaua , Malawi 
Unknown tree* Bolivia 
Unknown tree* Seychelles 
Unknown shrub. Bolivia 
1 'uugutrid mfuus/u, Botswana 
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Insect pests and diseases routinely affect the health of trees, and major 
outbreaks can have catastrophic environmental and economic impacts. 
The effective management of all tree health problems depends on their 
early detection. This guide will help readers recognize symptoms of ill 
health in trees and understand their general significance. The guide 
provides 140 photographs of symptoms from more than 30 tree species 
to be used as a basis for demonstrating the effects of pest (biotic) and 
non-living (abiotic) influences on trees. It is not an identification guide 
to insea pests and diseases of trees, but aims to help people make visual 
assessments of tree health problems and to provide a preliminary 
diagnosis which in turn will assist in better planning and more effective 
management of forests and trees. The guide will be useful to anyone 
interested in tree health or responsible for managing trees. 
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